Abstract-Contribution: This paper presents the "PBL classroom model," an agent-based simulation (ABS) that allows testing of several scenarios of a project-based learning (PBL) application by considering different levels of soft-skills, and students' perception of the methodology.
I. INTRODUCTION
R EFLECTING on the context for engineers in the 21 st century, Vest [1] argue that engineers of tomorrow, and even contemporary engineers, will face profound and original challenges. New engineers, they say, will have to deal with everyday stress in a competitive world of accelerating changes, having to solve problems of unprecedented scope and scale. Recent rapid technological changes have transformed several fields, and the new paradigm has brought the world into the information age [2] , [3] .
Concepts related to the humanization of engineering have become important in preparing engineers for these new challenges they will face in the forthcoming decades; the Great Engineering Challenges survey [1] has defined these, in no order of importance, as: storing solar energy; providing fusion energy; developing carbon sequestration methods; managing the nitrogen cycle; providing access to clean water; developing better medicines; advancing health informatics; delivering safe cyberspace; preventing nuclear terror; restoring and improving urban infrastructure; reverse-engineering the brain; improving virtual reality; delivering advanced personalized learning; and continuing scientific discovery.
These challenges involve energy and sustainability, health care, and advances in the human capacity for self-knowledge. All have interdisciplinary aspects [1] ; interdisciplinarity is an important factor in preparing new engineers, and creating the necessary relationships with the natural, social, behavioral, computational and mathematical sciences. Engineering should interact with other areas of knowledge, so that future engineers understand their role in history and in the future [4] .
"Adaptive knowledge," in the literature, is considered as the ability to move beyond basic knowledge towards achieving a level of understanding [5] ; this allows the engineer to deal with new problems in an innovative and creative way. It is implied in [5] that the new goal to be achieved by educators in engineering is to consider the human aspects of that education.
According to [6] , while the community has made significant advances in conducting engineering education studies and proposing goals that include this "adaptive knowledge", it has been less efficient in figuring out how to achieve those goals. According to [5] , for this to happen three educational components-curriculum, instruction and assessment-must be developed and aligned to complement each other. In this context, this paper focuses on how instruction is affected by the individual student's self-esteem and self-realization, and by social (cooperation) aspects.
A project-based learning (PBL) methodology was used in a five-semester case study to model students' relationship to humanization. The data were analyzed through partial least squares path modeling (PLS-PM), and the results were then used as input data in an agent-based simulation, a social simulation to evaluate how individuals act and interact [7] . The social simulation was intended to elicit the differences in the learning speed of a group of agents through different levels of humanization and instruction. This work's main objective was to model a PBL application through PLS-PM to build a simulated classroom environment, so as to understand how learning is affected by various scenarios involving soft skills and students' perception of the methodology. This paper is organized as follows: Section II presents the results of the survey data analysis; Section III presents the agent-based simulation; Section IV discusses the connections generated; Section V discusses limitations; and Section VI draws conclusions.
II. PLS-PM AS PARAMETER MODELING TOOL
To assess the impact of PBL methodology for posterior use with the agent-based simulation, a survey first proposed in [14] was applied in the post-implementation phase of a multidisciplinary project carried out in two courses: Power Electronics, and Control and Servomechanisms. The aim was to measure the acceptance of PBL methodology and to identify the skills students developed during the project.
To adapt the survey for the purpose of this study-to identify the elements that construct active learning in electrical engineering based on humanistic concepts-five dimensions were drawn from the literature, [14] :
• PBL (survey statements with prefix P x )
• Learning (survey statements with prefix C x )
• Cooperation (survey statements with prefix G x )
• Self-esteem (survey statements with prefix E x )
• Self-realization (survey statements with prefix R x ) Analysis of the survey data made it possible to assess the project's impact on students. A total of 162 student responses were collected over the five semesters of PBL application. Table I gives the survey and the total percentage of agreement and disagreement for each statement (over the five applications), ranging from 1 -"completely disagree" to 5 -"completely agree" for the first group of statements and 1 -"Not satisfactory" to 5 -"Very satisfactory" for the others.
A. Model Hypotheses
In preparing the model, the classical education literature was consulted, and various hypotheses were considered to understand the importance of the human aspect in the educational process. To measure the impact of humanization on the proposed methodology, the relevant dimensions of human relations (self-esteem, self-realization and cooperation) were grouped into a new dimension called "Humanization".
This newly-created dimension is based on the literature on the humanization of engineering education and the skills required in the 21 st century [8] - [11] ; it considers intrapersonal and interpersonal skills, and seeks to understand how both influence students' training. Humanization is considered to exist at a level of abstraction beyond individuality and cooperation, and serves, for the purposes of this work, as a way of grouping non-technical skills [8] , [10] .
The assumption of this higher order construct makes it possible to infer hypotheses for the constructs defined in the survey [12] . According to [12] , hypotheses of quantitative origin are predictions by the researcher about the expected relationships between variables, confirmed by statistical procedure applied by researchers to the population of a study.
To understand the formation of knowledge in an application of a PBL methodology, taking into account the humanization of the process, hypotheses to investigate these relationships were formulated, and are presented here:
Hypothesis A: Humanization is a common factor in self-esteem.
This presupposition seeks to understand the question of the student's personal satisfaction with himself in the humanistic aspect of teaching [9] , [13] , [14] . It is assumed that individuality is an important aspect in the training of the engineer that helps -or can hinder -the learning process, and is supported by aspects related to the student's self-esteem, self-actualization and emotional background.
Hypothesis B: Humanization is a common factor in self-realization.
This assumption examines the student's relationship with his or her tendency to develop their growth capacities [9] , [15] , [16] . This hypothesis has another aspect, related to the assumption of the importance of individuality in the formation of the engineer.
Hypothesis C: Humanization is a common factor in cooperation.
This assumption is based on 21 st century transversal competences, whih value cooperation as an integral part of the modern world [10] , [17] , and on the ideas of [18] and [19] , whose authors address the fragmentation of the world's existing knowledge, and the importance of its integration for societal progress.
Hypothesis D: Humanization has a positive influence on PBL.
Humanization as the foundation of the PBL is based on the concepts presented in [20] , which touches on the importance of an engineer being involved in humanitarian and social aspects, and being integrally involved in the community such that the knowledge he or she acquires is useful. This hypothesis was also examined in [9] its confirmation, where the author addresses the importance of the student understanding their own role in the world, before learning. This aspect also occurs in Maslow's pyramid [15] , with its assumption that knowledge will only be acquired if all human needs are satisfied. Furthermore, according to [11] , the combination of technical and human aspects is fundamental in the training students for their place in society.
Hypothesis E: PBL positively influences learning. The positive influence of PBL has been described by the many authors who have applied the methodology in the electrical engineering context [12] , [21] - [29] .
Relating to these hypotheses, it is suggested that the proposed PBL applied here has its roots in a humanist basis, composed of individuality (self-esteem and self-realization) and cooperation between students. Thus, sustained by this humanization, PBL serves as the basis for learning, Fig. 1 .
B. Structural Equation Modeling
Structural equation modeling is a second-generation multivariate analysis that seeks to understand the relationship between two or more variables simultaneously, to assess the structural composition of the analyzed aspect [29] , [30] . The PLS-PM algorithm (Partial Least Squares Path Modeling) was used in the modeling of structural equations. According to [31] , this algorithm is adequate in analyses that have an exploratory aspect. In addition, current studies show that the technique has been increasingly applied in exploratory studies in the social sciences [30] . The use of this method is appropriate here as the purpose of the research combines testing a theory, and making a patterns prediction, Fig. 2 .
It is important to add that when the purpose of a study is purely predictive, the use of Artificial Neural Networks (ANNs) is more appropriate, while if the goal is purely confirmatory, covariance-based structural equation modeling methods are preferred [30] .
The hypotheses were analyzed using the PLS-PM algorithm presented in [31] . Table II lists the hypotheses, defining the path coefficient (linear regression of the scores) between each connected latent variable. The results were validated using the methodology proposed by [32] , evaluating the indicators reliability (indicators with loading bigger than 0.7), the internal consistence reliability (indicators of a same dimension share a high correlation), and the discriminant validity (indicators are better represented by the dimensions they were allocated). Also the results were tested with a Bias-Correct and Accelerated bootstrap process [33] .
Assessment of the results generated by the PLS-PM validated Humanization as a common factor of both the individual (self-esteem relationship of 0.874 and self-realization relationship of 0.866) and social (cooperation of 0.753) aspects. Humanization also had a high influence on PBL (0.733). Finally, PBL also showed significance influence on learning (0.725).
III. PLS AGENT (PBL CLASSROOM MODEL)
Agent-based simulation (ABS) is part of a class of computational models used to simulate the actions and interactions of autonomous agents as a way of analyzing their role as a whole. In the proposition made by [7] , PLS-PM can be used as a way of quantifying the cause-effect relationships among the studied phenomena, the estimated values are later used as input parameters in the ABS.
The results of the actions to which the agents are subjected are given by probabilities. As shown in equation (1), the probability of an event occurrence in an agent is the sum of the PLS-PM path coefficients (β i,j ) of the latent variable connected to that event, divided by the maximum expected score of the event.
Thus, the interpretation of the agent on the studied effect is based on the dimensions previously defined by the survey, and quantized by the PLS-PM algorithm resulting path coefficients. In the proposed model, the main variable to be analyzed is the learning, considering different design points for the humanization and for the educational process (PBL), in a model called "PBL Classroom Model".
The path coefficients used in the process are the total effects, defined even if the dimensions are not directly connected, that is, even if humanization is not directly connected to learning, it has an indirect influence effect calculated as shown in Equation (2), where the arrows point to the direction of the influence, so the total effect of humanization on learning is 0.532.
The probability of humanization considers the influences of self-esteem, self-realization and cooperation. Each of the humanization causes is assigned a maximum score (in this   TABLE III  AGENT MAXIMUM MODEL   TABLE IV  EXPERIMENTAL DESIGN PARAMETERS case 10 as suggested by [34] ), which is multiplied by the total effect of each latent variable. The same is done for learning, which depends on humanization and PBL. Table III shows the max( J j=1 LVscore i,j ), as well as the simulation parameters. Once the maximum scores calculated, the probabilities of humanization and learning are calculated as shown in equations (3) and (4) . Note that the probability of learning depends on the probability of humanization. 
The experimental factor values and the control variables to obtain the desired response variables should be defined prior to the simulation. The goal is to discover the diffusion factor of learning for different values of humanization, and students' perception of the quality of the applied methodology.
According to the principles presented in [7] and [34] , the simulation investigation should follow the 3k-factorial design, which requires that each experimental factor to have one low, one medium, and one high value. The simulation experiments run each possible combination of these parameters. Both humanization and PBL attributes have factor values of 2, 5, and 8. The parameters, their scales and experimental design values are shown in Table IV. The simulation, based on a project-based learning environment, is based on a single grid network model, where every grid position is occupied with a static agent. Each agent is allowed to link to a maximum of four agents in its adjacent cells (Von Neumann topology) considering the link-chance probability, defined as the probability of two neighboring agents connecting to each other. Only one type of agent, the student agent, is considered in the model. At every step of the simulation the student is susceptible to two events: humanization and learning.
The simulation adopted the principle that when agents with a high index of cooperation connect, they can share knowledge. This generates a possibility for activation of the learning event. The initial possibility of the agents connecting is given by the link-chance, considered random during the simulations, ranging from 30% to 70%.
The rules governing the simulation are: Agents: students; Attributes: learned; humanized; On creation: random chance of creating bonds to its classroom colleagues (neighbors);
Step: At each step of the simulation the students decide whether or not to change their attributes:
• A student can learn if he/she has the possibility of learning and has not yet tried to learn by himself/herself; • A student can be humanized if he/she has enough potential for humanization and has not tried to be humanized yet; • A student can connect with his/her neighbor if both have the link-chance possibility. After the connection, if both students have a high enough level of cooperation, they can transfer knowledge.
A. Simulation Results
The simulation was conducted using the Mesa Python library [35] and following the steps described in [34] for the model validation. Fig. 3 shows the model for a medium design point scenario (factors values of 5). Squares represent students who have not experienced an event. Small circles are students who have only humanized and medium circles are First, an error variance analysis must be conducted to verify the number of necessary runs per model. As proposed in [34] , the variation over an increased number of runs must be analyzed. For this analysis three settings were used: a low design point (cooperation = 2; self-esteem = 2; self-realization = 2; PBL = 2; link-chance = 30%), a middle design point (cooperation = 5; self-esteem = 5; self-realization = 5; PBL = 5; link chance = 50%) and a high design point (cooperation = 8; self-esteem = 8; self-realization = 8; PBL = 8; link-chance = 70%). The results are shown in Table V. Standard deviations (SD) and coefficients of variation (CV) are estimated for different numbers of simulation runs. The low change in the parameters from 300 to 500 runs for all design points shows that the model tends towards stabilization, so using 300 runs is adequate for the simulations. That number of runs is used on the later simulations reported here.
Having defined the number of runs necessary, Table VI lists the eta squared effect sizes (η 2 ) of each experimental factor in the learning diffusion rate. PBL has a higher impact on the diffusion rate (η 2 = 0.61), while cooperation, self-esteem and self-realization, all part of a high order construct (humanization), have lower individual impacts.
However, it is important to notice that cooperation has a small advantage due to its effect size (η 2 = 0.12) when compared to the individual aspects (η 2 = 0.08).
According to [34] , the sensitivity analysis is an important step in the simulation process to understand the agent interactions. Fig. 4 shows the variation of the diffusion rate of knowledge for different levels of link-chance, which corresponds to raising the possibility of students interchanging knowledge when the humanization level is high enough. Fig. 5 shows the violin plot of learning diffusion rate for different link-chance levels (30% to 40%; 40% to 50%; and 50% to 60). The link-chance sensitive analysis verifies that the Learning diffusion rate variation between 30% and 70% of link-chance. maximum rate of learning diffusion only occurs when students share acquired knowledge with each other.
Two further simulations were conducted. The first, for the learning diffusion rate for different humanization levels, allows the PBL levels to vary (2, 5, 8) , and shows that humanization is directly connected to learning, Fig. 6 . The second simulation, for the learning diffusion rate for different instruction levels (PBL), allows humanization to vary (2, 5, 8) , Fig. 7 . The results show that even with a high instruction level, the diffusion rate only reaches its maximum for a small sample (when the humanization is at 8).
IV. DISCUSSION
It is important to note that the ABS levels presented in this work are closely linked to the indicators measured in the survey. Instruction level, defined as "PBL factor level", is linked to the students' perception of the quality of the applied methodology. This research takes into account the goals achieved, the willingness to repeat the experience, the interdisciplinary degree, satisfaction with the deadlines, and the student overload level.
Since the cooperation level considered in the ABS mimics the case study, two aspects were considered in the project implementation: group formation and differentiation. Considering that all teams carry out the same project, differentiation is accomplished by defining different requirements for each group of students. The group formation aspect concerns the integration among students. Both aspects result in good opportunities for the exchange of experience.
The PBL application used as the modeling tool was in two courses (Power Electronics and Control and Servomechanisms) that are not corequisites, so having students enrolled in only one of the courses could pose a problem. Students who did not attend both courses simultaneously were either those who had previously taken one course, and are currently taking the other; and those who are taking one course and plan to take the other in the future. The second situation could present a problem, since these students would lack knowledge necessary for the project. To mitigate this issue, it was recommended that groups include members from both courses to share experience and knowledge.
Students should exchange information during the project to reach a mutual goal. Individual interviews were performed at the end of the project to assess each student's level of involvement. The simulated cooperation examines students working in groups and exchanging knowledge inside and outside of their teams.
The results presented in this work are consistent with the discussions in the literature on the need to involve soft skills in electrical engineering education [17] , [36] , [37] . For instance, in [38] Santana et al. describes satisfactory results in a PBL application focusing on skills such as carrying out collaborative activities. Similarly, the findings in [39] show that with the proposed PBL approach students acquire a "real-world" team experience, with all its associated difficulties and benefits.
The idea of evaluating and discussing whether the active methodologies are interesting is not new, even in the engineering field [36] , [40] - [42] . However, the proposed simulated social environment, conceived to test different educational scenarios, is indeed a novel approach.
The relevance of the work is in allowing researchers to pre-test their methodologies, in simulated environments, before putting them into practice. Although the creation of an ABS and the analysis of its results can be extrapolated to other areas [43] , its importance in the field of electrical engineering and related areas is as a tool to assess learning, due to the recognition that the technique has gained in the area [44] , [45] .
V. LIMITATIONS
An important limitation acknowledged by the authors is that the study was conducted in just one institution, the Regional University of Blumenau (FURB), Brazil. In addition, as active methodologies are not in the institution's curriculum, only a few courses participated in the study, according to their lecturers' spontaneous adoption of the methodologies. Nevertheless, the results presented here, and the continuous application of the methodology in the institution, have opened the discussion of PBL as a curricular requirement.
Another limitation is the number of dimensions considered in this work as a common factor of humanization. Future questionnaires would expand the number of soft-skills analyzed.
The origin, validity and reliability of the questionnaire used in this paper are presented in [12] ; it was based on the previously validated Questionnaire of Intrapersonal, Interpersonal and Professional Competences (QCIIP) [46] . The relevant dimensions of the original questionnaire were maintained, and further questions were added related to methodology and learning. In the PLS-PM analysis of humanization as a common factor, the theory of structural equation modeling already considers that the components of the second-order dimension are necessary, but not sufficient, to represent it.
VI. CONCLUSION
This paper proposed and evaluated an agent-based simulation of the learning dissemination in a project-based learning context, considering the human aspects. To provide the input parameters for the simulation, a project-based learning methodology was applied in the Regional University of Blumenau (FURB) over five consecutive semesters. At the end of each semester, the students were invited to answer a survey.
The survey answers were first submitted to a secondgeneration multivariate analysis technique, known as PLS-PM (partial least squares path modeling), that aims to identify relationships between non-observed variables. The results, in the form of causal relationships, were then used as input parameters to the agent-based simulation, in a model called "PBL Classroom Model".
In the simulation process, high cooperation index students were allowed to exchange knowledge with other high cooperation index students, increasing the learning diffusion rate.
From the simulation results it was possible to verify that the learning diffusion rates are directly related to humanization (self-esteem, self-realization and cooperation), and to the instruction level (defined as the students' satisfaction with the application). It was also possible to observe that the diffusion rates achieve higher values when the cooperation between students is higher, suggesting that even with a high instruction level, students must share knowledge between themselves to achieve maximum learning.
The results presented in this study suggest that humanization, particularly cooperation, is an important part in the educational formation of a new electrical engineer. The study shows also that to achieve a higher learning diffusion rate, the teaching-learning relationship is better when it takes human nature into account.
